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Patterned Fe3O4 dots have been prepared on Si=SiO2 substrate by e-beam lithography and reactive magnetron
sputtering. The magnetization show an abrupt change at the Verwey transition temperature around 120 K under the
cooling ﬁeld 500 Oe: The antiphase domain was observed in the 1 1 mm2 Fe3O4 dot.
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The half-metallic magnetite Fe3O4 is a well-known
spinel ferrite. There has been a great interest in Fe3O4
due to its highly spin polarized nature that is practical in
the tunneling magnetoresistance-based device applica-
tions [1]. To explore the magnetic properties of Fe3O4
ﬁlms, there are many deposition methods used on
variety of substrates [2–4]. When the ﬁlms were grown
on the MgO;Al2O3 single crystals, highly oriented or
epitaxial ﬁlms were obtained. On the Si substrate,
polycrystalline ﬁlms result [5,6]. Anomalous magnetic
properties of Fe3O4 have been found both in poly-
crystalline and epitaxial ﬁlms. For example, antiphase
boundaries (APBs) have been observed not only in
epitaxial ﬁlms grown on MgO substrate but also in the
polycrystalline ﬁlm prepared by magnetron sputtering or
pulse laser deposition on Si substrates [6]. The origin of
APB’s in epitaxial ﬁlms on MgO substrates have been
observed [7]. The exact mechanism of APBs in Fe3O4
grown on Si has not been understood. In this paper, we
try to observe the domain structure of nanocrystalline
Fe3O4 ﬁlms by using tapping mode magnetic forceonding author. Tel.: +886-2-27880058X4010; fax:
899636.
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/j.jmmm.2003.12.1367microscopy. The structure and magnetic properties of
ﬁlms have also been investigated.2. Experimental
Nanocrystalline magnetite Fe3O4 ﬁlms with 190 nm
thickness have been deposited by reactive magnetron
sputtering. The ﬁlms were deposited at 360C under the
proper Ar=O2 ratio. For the patterned samples, the ﬁlms
were deposited at room temperature and subsequently
annealed at 300C for 1 h: Field emission electron-beam
lithography and lift-off process was used to prepare
patterned Fe3O4 arrays with areas 1 1; 2 2 and 5
5 mm2 on Si(1 0 0) with SiO2 buffer-layer with thickness
100 nm: The room temperature magnetic properties of
ﬁlms were measured by VSM. The domain images were
observed by tapping mode magnetic force microscopy.3. Results and discussion
Fig. 1 shows the X-ray diffraction patterns of Fe3O4
ﬁlms deposited at 360C: When the Ar=O2 ratio is below
(200/10), the Fe and Fe3O4 phases are co-exist. As the
ratio rises to (200/10), all peaks are indexed belong tod.
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Fig. 1. XRD of Fe3O4 ﬁlms with different Ar=O2 ratio.
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Fig. 2. Room temperature M–H curve of Fe3O4 ﬁlms with
Ar=O2 ¼ 200=10:
Fig. 3. MFM images of patterned Fe3O4 ﬁlms.
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plans. The a-Fe2O3 phase appears as the Ar=O2 ratio
increased up to (200/20). In addition, the Fe3O4 ﬁlms
can also be formed as deposited at room temperature
and the ﬁlms were post-annealed at 350C for half-hour.
The existence of the Fe3O4 phase was observed in
zero-ﬁeld cooling (ZFC) and ﬁeld cooling (FC) mea-
surements under the applied ﬁeld of 500 Oe: Both ZFC
and FC magnetization show an abrupt change signiﬁ-
cantly at the Verwey transition temperature around
120 K: The temperature dependence of the resistivity
also shows the Verwey transition near 120 K:
Fig. 2 shows the magnetic hysteresis (M–H) loops of
ﬁlms measured at room temperature under the max-
imum in plane applied ﬁeld of 8 kOe:
The coercivity ðHcÞ and the magnetization ðM8 kOeÞ at
8 kOe are 551 Oe and 582 emu=c:c of the Fe3O4 ﬁlm.The magnetization cannot saturate up to 8 kOe: It is
quite different to the bulk Fe3O4 and one of the reasons
is the formation of antiphase boundaries and antiphase
boundaries have also been found in nanocrystalline
Fe3O4 ﬁlms grown on Si substrate [5].
Fig. 3 shows the magnetic force microscopy images
of the patterned Fe3O4 ﬁlms. The area of the
patterns varied from 5 5 to 1 1 mm2: It was found
that the domain numbers decreased signiﬁcantly when
the size of the pattern decreased. The ﬁlms cannot be
saturated under the in plane real-time ﬁeld of 400 Oe:
For the 1 1 mm2 pattern, when the applied ﬁeld
increased up to 400 Oe; similar antiphase domain
can be observed.References
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